We conclude that dermis based organotypic cultures give opportunity to investigate the mechanisms that underlie loss of spatial regulation of stem cell markers seen with OSCC derived cells.
Introduction
The role of cancer stem cells in solid tumour initiation, growth and metastasis is widely accepted and has been the subject of numerous reviews (1) (2), yet the potential existence of pre-cancerous stem cells in dysplastic tissue has received little attention. Oral squamous cell carcinoma (OSCC) often arise from dysplastic lesions with various grades of severity; malignant progression from dysplasia varying between 6% and 36% (3). Early genetic aberrations in oral SCC involve p53 and pRb pathway abrogation (4) (5) (6) and result in cell immortalisation, but the genetic and epigenetic heterogeneity observed in tumours is a cumulative process (7) which may be evident in pre-cancerous dysplastic tissue.
Cancer stem cells with tumorigenic properties in immunodeficient mice have been successfully isolated from head and neck tumours by using fluorescence-activated cell sorting (FACS) to gate for cell surface antigens (CD44) (8) , enzyme activity (Aldehyde dehydrogenase) (9) and small molecule transporter activity (Hoechst 33342 exclusion) (10) . When they are cultured in-vitro, the tumorigenicity of head and neck tumour derived cells is influenced by media composition (10) .
Similarly, the proportion of CD44 positive cells in a hypopharynx derived SCC cell line (Gun-1) was also dependent on cell culture media composition (11) . There is much work yet to be undertaken before routine isolation and in-vitro expansion of cancer stem cells from oral tumours can be realised and still further work before we are able to selectively expand potentially pre-cancerous stem cells from dysplastic oral lesions.
Cell lines from oral lesions bearing different clinical features provide opportunity for comparative evaluation of the tumorigenic role played by cells that display stem-like phenotypes in-vitro.
Prerequisite to this goal is characterisation of selected cell lines for stem-cell content and establishment of robust organotypic culture techniques that permit establishment of the hierarchical tissue organisation that defines stem-cell functionality (7) . In the current study, four commercially available oral cell lines have been selected to provide a range of source tissue dysfunction ranging from normal (OKF6-TERT2), mild to moderate dysplasia (DOK), severe dysplasia (POE-9n) and OSCC (PE/CA PJ15). These cell lines were initially characterised in monolayer culture by flow cytometry, then were grown at the air/liquid interface on a dermis based 3-dimensional culture system to promote organotypic patterns of differentiation that were studied by immunohistochemistry. Four potential cancer stem cell markers were the focus of this initial investigation: CD44, p75 NTR ,CD24 and Aldehyde dehydrogenase (ALDH).
CD44 is a cell surface receptor for hyaluronic acid that is present in the majority of head and neck tissues (12) . Expression of CD44 in primary tumours of head and neck SCC is highly variable (13) , and the CD44 positive cell population from these sites contains both tumorigenic and non-tumorigenic cells (8 (passage 17) cells suspended in 0.5 mL of Green's media. Finally, 2 mL of Green's media was applied to the wells surrounding the HOME cultures which were incubated at 37 °C for 24 hours. On day 2 the stainless steel rings were removed and the Green's media was replenished. HOME cultures were maintained in submerged culture for a further 5 days and then lifted to the air/liquid interface by transferral onto stainless steel grids and application of approximately 7 mL of Green's media. HOME cultures were maintained at the air/liquid interface for 14 days with regular media changes.
Immunodetection of ALDH1a1, CD44, p75 NTR ,CD24, cytokeratin 13 and cytokeratin 19
Immunohistochemical staining for ALDH1a1, CD44 p75 NTR and CD24 followed the conventional (Table 1) . Importantly, use of the ALDEFLUOR ® assay revealed increased aldehyde dehydrogenase activity that corresponded with the overall trend of increased disease severity of the source tissue for the cell lines from normal, through dysplasia to OSCC. Importantly, expression of CD44 (figure 3 m, n, o, p) and p75 NTR (figure 3 q,r,s,t) was closely associated with the basal layers of cells but not solely at the basal layer adjacent to the dermal basement membrane. Immunolabelling for both CD44 and p75 was most widely distributed throughout the epithelium of PE/CA PJ15 HOME cultures. All HOME cultures exhibited positive CD24 immunolabelling (figure 3 u,v,w,x) throughout the epithelium, with DOK and POE-9n HOME cultures giving more intense staining than OKF6-TERT2 and PE/CA PJ15 HOME cultures. Very low immunolocalisation of ALDH1a1 (figure 3 y,z,,) was observed in the basal layers of each HOME culture, where individual cells tended to be stained.
Immunohistology of cultures of OKF6-TERT2, DOK, POE-9n and PE/CA PJ15 cells.

Discussion
The current study examined application of 3D organotypic culture (HOME) of a carefully selected range of cell lines to investigate cancer stem cell involvement in the progression of oral dysplasia to squamous cell carcinoma. The key finding of this work was that HOME culture gave appreciably more information than monolayer cultures on the hierarchical regulation of cells in-vitro, information that is crucial in properly interpreting empiric data on the relative expression of candidate stem cell markers by various cell lines in-vitro. HOME culture of oral epithelial cells at the air/liquid interface uses techniques that have been optimised for other epithelial cells by several research groups over many years (30) (33) (34). Key features of HOME culture using intact acellular dermis include: retention of an intact basement membrane, promotion of hierarchical epithelial tissue formation, and good compatibility with established immunohistochemical techniques. HOME culture of oral cell lines from normal tissue (OKF6-TERT2), mild dysplasia (DOK), severe dysplasia (POE-9n) and OSCC (PE/CA PJ15) for 7 days gave ordered multilayer epithelial structures that showed spatial regulation of differentiation associated cytokeratin 13.
In keeping with the high levels of CD44 and p75 NTR expression seen for each cell line in monolayers, all HOME cultures gave intense immunolabelling for CD44 and lesser immunolabelling for p75 NTR .
With exception of PE/CA PJ15 cells, immunolocalisation of CD44 and p75 NTR was spatially restricted to layers close to the basement membrane, confirming that in HOME cultures CD44 and p75 Two apparent anomalies are presented in the data. The first relates to immunolabelling of HOME cultures for cytokeratin 19, the expression of which typically occurs in the basal layers of nonkeratinising oral epithelia (32) . Cytokeratin 19 immunolocalisation was intense and ubiquitous for HOME cultures of OKF6-TERT2 and POE-9n cells yet completely absent from HOME cultures of DOK and PE/CAPJ15 cells. This difference appears to be intrinsic to the cell lines, reflecting either differences in tissue source and clonal selection, or a progressive adaptation to routine culture in serum free media (OKF6-TERT2 and POE-9n) versus serum rich media (DOK and PE/CA PJ15). All HOME cultures were maintained for several population doubling times in serum rich Green's media which supports growth of each cell line, indicating that the absolute presence or absence of cytokeratin 19 immunolabelling was not attributable to a transient change in culture media. Further investigation of this may be relevant to future work but is beyond the scope of this text.
The second apparent anomaly presented relates to the high levels of ALDH activity reported for monolayer cultures, yet the low antigenic immunolabelling of ALDH1a1 in HOME cultures. Whilst it is possible that ALDH1a1 is down-regulated in all of the cells under HOME culture conditions, we believe this difference is more likely to be due to the difference in detection methods used. The ALDEFLUOR ® assay gives a sensitive and robust assessment of total ALDH enzyme function in live cells by flow cytometry, but the technique is not readily applicable for HOME cultures. HOME cultures are particularly suited to immunohistological methods but these techniques provide a much less direct assessment of ALDH1a1 enzyme presence than the ALDEFLUOR ® assay of total enzyme activity. The authors avoided cytometric analysis of HOME cultured cells because of numerous practical incompatibilities between these two techniques, such as the need for harsh digestion regimens to release and disaggregate cells from HOME cultures and the consequent low viable cell yield and high potential for selecting sub-populations of cells. Up-scaling of HOME cultures to counter problems of low viable cell yield post-digest is not realistic because such up-scaling of human dermis based culture systems presents numerous difficulties which include poor availability of skin, variation in grafting depth, avoidance of scars or striae, and most importantly, dermal contraction in culture (33) .
The HOME culture system combined with careful selection of cell lines that are derived from oral lesions bearing different clinical features provides an ideal investigative tool to study the loss of tissue hierarchy that coincides with the clinical progression of oral epithelial dysplasia to oral squamous cell carcinoma. Long-term HOME cultures maintained for several weeks could provide information on development of the invasive phenotype of OSCC derived cells. The current investigation showed that ALDH enzyme activity delineated source tissue disease severity in four oral cell lines when grown in monolayer, and that loss of hierarchical coordination of CD44 and p75 NTR discriminated carcinoma derived cells from non-cancerous cells when grown as HOME cultures.
Ongoing work aims to confirm loss of CD44 and p75 NTR hierarchical coordination in HOME culture of other oral SCC cell lines, to investigate the invasive phenotype in these cells, and to explore the mechanism that drives spatial regulation of cells bearing stem cell markers in HOME cultures. NTR , CD24 and Aldh1a1 in human organotypic mucosal epithelial (HOME) cultures after 14 days at the air/liquid interface.
